ABSTRACT. To identify potential tissue-specific characteristics of intestinal glycoprotein synthesis and processing, rat intestinal lactase-phlorizin hydrolase (L-Ph) was studied after pulse-labeling of colonic explants from 5-d-old suckling rats in organ culture and the data compared to similar studies in rat jejunum. Histologic sections of 5-dold proximal colon showed villus-like structures lined with columnar epithelial cells. Lactase and phlorizin hydrolase activities showed tissue-specific developmental patterns. Using a MAb to small intestinal L-Ph, we were able to immunoprecipitate from colon at different ages a protein that hydrolyzed lactose and phlorizin, and whose activity was not inhibited by p-chloromercuribenzoate. After pulselabeling for 60 min and chase for 30 min, immunoprecipitated L-Ph from total homogenates of rat colonic explants appeared on fluorography of SDS-PAGE as one band of approximately 205 kD. With increasing time of chase, it took 240 min before the precursor form was converted to the intermediate form (equivalent to the 180-kD form in jejunum) and the mature form (equivalent to the 130-kD form in jejunum), although these conversions in the jejunum were observed within 60 min of chase, and only 30 min of pulse labeling. When compared on SDS-PAGE to immunoprecipitated jejunal L-Ph, the precursor form in the colon had a slightly higher apparent mol wt than the corresponding precursor form found in the endoplasmic reticulum-Golgi fraction of the jejunum. The intermediate as well as the mature L-Ph forms in the colon were also both somewhat higher in apparent molecular weight than the same bands in the microvillus membrane fraction from jejunal explants. Removal of N-linked oligosaccharides from jejunum and colonic forms of L-Ph produced bands on SDS-PAGE with identical mobility, suggesting that the proteins were the same. The data demonstrate that, in neonatal colon, enzymatically active L-Ph undergoes biosynthetic and processing events similar to those in the jejunum. During early life, colonic L-Ph may function in the salvage of lactose not absorbed in the small intestine. Lactase-phlorizin hydrolase is a major intestinal hydrolytic enzyme of particular importance in early life of most mammals, and is found chiefly in the jejunum, although extensive studies on potential other localization beyond the small intestine are lacking. Most biochemical studies of microvillar hydrolases have focused on the small intestine, and comparatively little is known about differentiation of specific enzymes in the colon. The adult colon functions primarily in the regulation of salt and water transport and bacterial fermentation. The fetal and newborn colon, however, differs considerably in morphology and probably function from that of the adult. In the rat fetus, the proximal colon is populated by villi and microvilli after the formation of the gut lumen and retains this form until 10 days after birth (1,
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The most extensive developmental studies of the morphology and enzyme patterns of the colonic epithelium in the fetal and newborn rat have been performed by Helander (1, 3), identifying the functional development of acid and alkaline phosphatase, carbonic anhydrase, and p-d-galactosidase. However, the measurement of P-d-galactosidase activity did not distinguish between the three different intestinal galactosidase forms (4) . Perinatal changes in the activity of P-galactosidase of lysosomal origin in the rat colon have been extensively described by Koldovsky et al. (5) and Litin (6) . Colony and Neutra (2) have also investigated the epithelial differentiation of fetal rat colon in conjunction with the appearance of alkaline phosphatases. Human colonic development and enzymatic distribution were studied in both fetuses and preterm newborns (7-1 1).
In our study, we have used techniques established in our laboratory in the study of suckling jejunum (12) to investigate the biosynthesis and function of lactase-phlorizin hydrolase in the early postnatal rat colon. To the best of our knowledge, there has been no report describing the biosynthesis and demonstrating the presence of an active lactase-phlorizin hydrolase enzyme in the colon of newborn animals or human.
MATERIALS AND METHODS
Animals. Sprague-Dawley CD rats were purchased from Charles River Breeding Laboratories, Wilmington, MA. All animals were housed in a constant temperature and humidity environment on a 12-h light-dark cycle. Animals were allowed to suckle ad libitum, and the dams were fed standard laboratory food and water ad libitum. The times for all animal procedures were kept constant throughout the study.
Materials. Antibodies. The MAb (13) used in these experiments is the same as described previously (12) . The hybridoma cells (YBB 2/ 61) were a generous gift of Dr. Andrea Quaroni of Cornell University, Ithaca, NY. The cells were cultured in our laboratory and injected into pristane-primed BALB/c mice from which ascites fluid was obtained. IgG, was purified from the ascites fluid by affinity chromatography on a protein A-CL Sepharose 4B (Pharmacia Fine Chemicals, Piscataway, NJ) column (14) . The eluates were dissolved in coupling buffer and covalently coupled to cyanogen bromide-activated Sepharose according to manufacturer's instructions.
Homogenization. For the measurement of the specific activity of lactase and phlorizin hydrolase we used homogenates of colon tissue immediately distal to the cecum, and of the middle third of the small intestine. In the younger animals up to 9 d, the homogenates were made from total intestine, whereas, in the adult, intestinal mucosa was obtained by scraping. Homogenization was performed in a buffer containing 10 mM HEPES/ HCl, pH 7.5,20 mM NaCl, 0.5% Triton X-100, and the protease inhibitors as described earlier (12) . In some experiments, MVM and ER-Golgi fractions of jejunal explants were prepared (12) . All lactase and phlorizin hydrolase activities were measured in the presence of PCMB to inhibit lysosomal P-galactosidase activity (4, 5, 12) . The lactase assay was performed as described (l2), whereas the phlorizin hydrolase assay was performed according to the technique described by Malathi and Crane (1 5).
Organ culture and immunoprecipitation. Organ culture of colon explants of 5-d-old rats was performed according to the method previously described for jejunal explants (12) . For immunoprecipitation, the colon explants were homogenized in HEPES/Triton buffer as described above. After centrifugation at 30 000 x g for 10 min, the supernatant was incubated overnight at 4°C with 150 pL of MAb bound to Sepharose. Washing and analysis of the immune complex by SDS-PAGE was as described (12) . Staphylococcus aureus V8 digestions were performed in the slots of 12% or 15 % gels on individual lactase bands that were first cut out of 5% gels. For the preparation and digestion of the gel slices we followed the techniques described by Cleveland et 01. (16) . N-glycanase treatment. N-glycanase hydrolyzes asparaginelinked oligosaccharides (high mannose, complex and hybrid chains) of glycoproteins (17) . The digestion of immunoprecipitates was carried out as follows. The protein bound to the Sepharose beads was boiled for 3 min in a buffer containing 0.5% SDS and 0.1 M P-mercaptoethanol. The sample was diluted with 0.55 M sodium phosphate buffer, pH 8.6, containing albumin 6 mg/mL and Nonidet P-40 in a final concentration of 1.25% (as outlined in the manufacturer's instructions). Incubation with N-glycanase (0.25 U) was done overnight at 37°C. After incubation, the sample was analyzed by SDS-PAGE, as described previously (1 2).
RESULTS
Histology of newborn rat colonic epithelium. Figure 1 shows light microscopy of 5-d-old rat colon distal to the cecum. As described previously by others (1, 3, 18, 19) , small intestinal-like villi are apparent. Electron microscopy revealed that the villi were covered with regular microvilli somewhat reduced in number compared to jejunum (data not shown, see Ref. [1] [2] [3] . Thus, in comparison to the adult, the newborn rat colon is still morphologically immature at birth and has small intestine-like features.
Lactase andphlorizin hydrolase activities in jejunum and colon of newborn and adult rats. The sp act of jejunal and colonic lactase and phlorizin hydrolase at several time points during postnatal development and adulthood are depicted in Figure 2 . There was a steady increase in lactase-specific activity in the jejunum toward the end of the 1st wk of life which was absent in the colon. The ratio between lactase activity in the jejunum and that in the colon varied from 3.5:l (at d 1) to 10: 1 (at d 6). Phlorizin hydrolase activities in jejunum and colon parallelled each other at almost all ages; in contrast to lactase, phlorizin hydrolase reached its peak very early in the 1st wk of life. It is noteworthy that we were never able to measure phlorizin hydrolase activity in the colon of the 1-d-old rat, whereas there was high activity measured at 3 d of age. The same pattern of lactase and phlorizin hydrolase activities were observed when the enzyme assays were performed on the thoroughly washed immune complexes obtained after precipitation with the MAb (data not shown). Figure 3 shows the different forms of lactase-phlorizin hydrolase in jejunum and colon obtained on SDS-PAGE. In our previous study of the jejunum (12), the apparent mol wt of the intracellular form was estimated to be 220 kD, and the same 220 kD form was inserted into the MVM followed by the two-step cleavage to the 180-and 130-kD band, respectively (Fig. 3, lane 3) . Reexamination of the precursor bands on 5% SDS-PAGE revealed a clear size difference between the high mannose, intracellular precursor form (205 kD, Fig. 3, lane 1) and the mature, fully glycosylated precursor form (220 kD) inserted into the MVM (Fig. 3, lane 3) . Comparison of these with the three forms found in the colon, as depicted in Figure 3 , lane 2, shows that each colonic form has a somewhat higher apparent mol wt than its comparable jejunal form. The 220-kD precursor form found in jejunum was never observed in the colon.
Lactase-phlorizin hydrolase in jejunum and colon.

Pulse-chase labeling of lactase-phlorizin hydrolase in colon.
BULLER ET AL. outer lanes of Figure 4 (lanes I and 7) show the immunoprecipitated lactase-phlorizin hydrolase patterns in the MVM fraction of jejunal explants of 5-d-old rats, pulsed for 60 min and chased for 120 min.
N-glycanase treatment of lactase-phlorizin hydrolase from jejunum and colon. As shown above (Fig. 3 ) the jejunal and colonic forms of the enzyme differ in mol wt. In Figure 5 , the different forms in colon and jejunum depicted in Figure 3 were analyzed after removal of N-linked oligosaccharides by N-glycanase. As shown in Figure 5 , lane I, the apparent M, of the endoplastic reticulum-Golgi precursor was decreased to 195 kD. A comparable shift (to 195 kD) was seen in the precursor band in the colon, formerly found to be just above 205 kD (Fig. 3, lane 2) . In addition, the other colonic forms, previously found at just above 180 and 130 kD (Fig. 3) , were now reduced proportionally, labeled after 90 min. It is interesting to note that in human jejunal explants, this processing to the mature form takes at least 3 h (29), whereas in the colon adenocarcinoma cell line Caco-2 (30), lactase-phlorizin hydrolase, in contrast to other microvillus membrane hydrolases, exhibits extremely slow synthesis, processing, and transport (approximately 16 h of chase).
The transport studies described previously (19, 20) are interesting in the light of this report, because not only can glucose be transported by the colon through the first 5 d of life in the rat, but it is now clear that the colon in the newborn rat contains a key enzyme that generates glucose as an absorbable product. It is known that lactose is malabsorbed in the small intestine of human premature infants and newborns, and reaches the colon (3 1, 32) . Two mechanisms may be responsible for the salvage of the lactose not absorbed by the small intestine: fermentation to short chain fatty acids (3 1,32 ), or hydrolysis of lactose by lactasephlorizin hydrolase located on colonic villi. Thus, it seems possible that lactase-phlorizin hydrolase in the newborn rat colon plays a role in the absorption of unhydrolyzed lactose.
